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Abstract
Background: One of the most frequently performed emergency surgical procedures in children is an appendec-
tomy. The aim of this study was to determine the benefits of supplementing standard, general anaesthesia with the 
ultrasound-guided right TAP block.
Methods: We analyzed the medical records of 90 children of both sexes, aged 4–16 years with a body mass of 16–78 kg  
 who underwent general anaesthesia for open appendectomy. Sixty-two individuals were anaesthetized using the 
standard method, while 28 patients had an additional right-sided TAP block under ultrasound guidance. Subse-
quently these groups were divided into 2 subgroups: children under 8 years and those older. We evaluated the total 
consumption of opioids, intraoperative fentanyl requirement, the amount of non-opioid analgesic and antiemetic 
drugs used during the whole hospitalization, time to recovery of digestive track function and length of hospital stay.
Results: TAP block performed under USG guidance reduced the overall consumption of opioids (0.36 vs. 0.42 mg kg-1, 
P = 0.048), significantly shortened time of fasting after the surgery (17 vs. 29 hours, P = 0.003) as well as reduced the 
need for antiemetic drugs: ondansetron were used only in 21.4% of children in the group with TAP block vs. 38.7% 
of children with standard protocol. Additionally, we noted that the application of the TAP block shortened the length 
of hospitalization (3 vs. 4 days, P = 0.045).
Conclusion: The application of the TAP block, as a supplementary treatment to standard general anaesthesia for 
open appendectomy in children is a valuable component of multimodal analgesia, which might improve the quality 
of life of the patient and shorten the length of hospitalization. 
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A surgical removal of the vermiform appendix is one 
of the most common emergency surgical procedures in 
children. In recent years, transversus abdominis plane (TAP) 
block has become more popular as an element of the multi-
modal analgesia used in abdominal surgery [1]. It was descri-
bed in 2001 for the first time [2]. Up to now, there have been 
only a few publications regarding its use in the paediatric 
population [3, 4]. The aim of this study was to evaluate the 
advantages of the ultrasound-guided TAP block in children 
undergoing classic appendectomy. 
Methods
This retrospective study involved 90 children of both se-
xes, in the age 4–16 years, weighing 16–78 kg, who received 
general anaesthesia for classic appendectomy. Moreover, 62 
children were anaesthetized using the standard protocol 
while in 28 patients a right ultrasound-guided TAP block was 
performed. Both groups were subsequently divided in two 
subgroups — those up to 8 years and those older. General 
anaesthesia induction consisted of propofol 2–3 mg kg-1 or 
thiopental 3–5 mg kg-1, suxamethonium chloride 1 mg kg-1 
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or rocuronium 0.6 mg kg-1, fentanyl as needed, followed by 
tracheal intubation and mechanical ventilation. Sevofluran 
with oxygen/air or oxygen/N2O mixture was given for ma-
intenance of anaesthesia. Standard analgesics were used 
(acetaminophen, metamizole, ketoprofen and morphine) 
postoperatively. The TAP block was performed under ge-
neral anaesthesia — before or after surgery. The ultraso-
und guided technique was used to identify fascia between 
the internal oblique and transversus abdominis muscles 
and assess the spreading of local anaesthetic (0.2–0.5 mL 
kg-1). For local anaesthesia, a mixture of 2% lidocaine and 
0.5% bupivacaine with adrenaline 1:200,000 was used in 
a proportion of 1:1 (1–2.5 mg kg-1 lidocaine + 0.5–1.25 mg 
kg-1 bupivacaine). After surgery, patients were admitted to 
recovery and afterwards were transferred to a surgical ward. 
Based on the medical records total opioid requirement, 
intraoperative fentanyl requirement, the amount of non-
-opioid analgesics, the amount of anti-emetic drugs used 
during hospitalization, time to fluid implementation and 
duration of hospitalization were calculated. Comparing 
time of the anaesthesia in both groups, we described how 
performing of the TAP block influenced time spent in the 
operating theatre. All observed complications connected 
with the TAP block were recorded. 
stAtisticAl AnAlysis
All calculations were made with JMP®, Version 9.0.0 (SAS 
Institute Inc., Cary, NC, USA). Data were analyzed according 
to the established statistical standards. Continuous variables 
were presented as a median and interquartile range (IQR) or 
as a mean ± standard deviation while categorical variables 
were presented as numbers (percentages). Quantitative 
variables were checked for the normality of their distribution 
using the Shapiro-Wilk test. Homoscedasticity of variance 
was assessed using the Levene test. Differences between 
groups were compared using the Student or the Welch 
t-test depending on the equality of variances for normally 
distributed variables. The Mann-Whitney U test was used 
for  non-normally distributed continuous variables. Com-
parisons of qualitative parameters were conducted using 
the two-tailed Fisher exact test, or χ2 test, as appropriate. 
Results were considered statistically significant at P-values 
less than 0.05. 
Results
Patients in both groups did not statistically differ in 
age, body mass or sex. Time of general anaesthesia and 
time spent in the operating theatre was comparable in 
both groups. The time  difference between surgical and 
anaesthesiological procedures in the TAP block group was 
about 10 minutes which corresponds to the average time of 
performing the TAP block. Length of hospitalization in TAP 
block group was shorter comparing to the non-TAP block 
group (3 vs. 4 days, P = 0.045) (Table 1).
A lower amount of opioids, calculated with morphine 
strength (fentanyl = 100 × morphine, nalbuphine = 0.8 × 
morphine) was used in children with the TAP block (0.36 vs. 
0.42 mg kg-1, P = 0.048). 
Simultaneously, the amount of metamizole administe-
red during the perioperative period was statistically lower 
table 1. Patient characteristics, surgical and anaesthesiological factors
without tAP block (n = 62) with tAP block (n = 28) P-value
Body mass (kg) 35 (26-50) 30.5 (20.5–42) 0.63
Age (years) 10 (7–13) 8.8 (6.5–12.5) 0.34
Children under 8 years old (n) 18 (29%) 12 (43%) 0.087
Children over 8 years (n) 44 (71%) 16 (57%) 0.075
Girls (n) 23 (37.1%) 11 (39.3) 0.13
Paracetamol (g kg-1) 0.05 (0.04–0.08) n = 61 0.05 (0.03-0.07) n = 27 0.28
Metamizole (mg kg-1) 130 (85–180) n = 57 95 (50–110) n = 27 0.017
Ketoprofen (mg kg-1) 2.66 (2–4.3) n = 6 3.3 (1.6–5.1) n = 3 1.0
Opioids — morphine strength (µg kg-1) 0.42 (0.33–0.50) 0.36 (0.29–0.42) 0.048
Fentanyl (µg kg-1) 2.45 (2–2.9) 2.05 (1.59–2.54) 0.058
Time of anaesthesia (min) 70 (65–90) 75 (60–87.5) 0.74
Time of operation (min) 45 (40–60) 40 (27.5–55) 0.1
Time difference between duration of operation and 
anaesthesia (min)
25 (20–30) 35 (25–35) 0.01
Ondasetron (number) (%) 24 (38.7) 6 (21.4) 0.031
Starting the diet (hours) 29 (18–37) 17 (14–28) 0.003
Hospitalization time (days) 4 (3–6) 3 (3–5) 0.045
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in the group treated with the TAP block (95 vs. 130 mg kg-1, 
P = 0.017). No differences in acetaminophen and ketoprofen 
dosages were observed. Normal function of  the digestive 
tract was faster restored in children with the TAP block, which 
was confirmed by a lower requirement for ondansetron (21.4 
vs. 38.7%) and a shorter period of fasting after general ana-
esthesia (17 vs. 29 hours, P = 0.003) (Table 1).
Patient under 8 years old did not differ in weight, sex, 
operation time or requirement for acetaminophen. Small 
changes were observed in overall opioid and intraoperative 
fentanyl requirement. Requirements for metamizole (120 vs. 
160 mg kg−1, P = 0.021) and ondansetron (16.5 vs. 50%) were 
significantly lower in the TAP block patients. Shorter fasting 
(18 vs. 31 hours, P = 0.037) and shorter hospitalization (3.5 vs. 5 
days, P = 0.046) were noted in this group of patients (Table 2).
Patients over 8 years old did not differ in age, sex or 
intraoperative requirement for fentanyl and acetaminophen. 
In the group of children without the TAP block, higher body 
mass was noticed. In the TAP block group significantly lower 
total opioid requirements (0.36 vs. 0.42 mg kg-1, P = 0.049), 
metamizole use (70 vs. 135 mg kg-1, P = 0.046) and ondan-
setron use (25 vs. 34.1%, P = 0.014) were observed. The 
starting of the diet (15.5 vs. 29 hours, P = 0.027) and time 
of hospitalization (3 vs. 4 days, P = 0.048) were beneficial 
in the TAP block group of patients. Moreover, the time of 
anaesthesia was comparable (Table 3). 
Complications of the ultrasound-guided TAP block, such as: 
hematoma; oedema; puncture of internal organs; puncture of 
vessels; pulmonary, cardiac or neurological side effects; infection 
or allergic reaction to administered drugs; were not observed. 
table 3. Characteristics of patients over 8 years, surgical and anaesthesiological factors
without tAP block (n = 44) with tAP block (n = 16) P-value 
Body mass (kg) 43.5 (33.5–54) 37 (30–58) 0.56
Girls (n) 16 (36.4%) 6 (37.5%) 0.032
Paracetamol (g kg-1) 0.05 (0.03–0.08) n = 43 0.05 (0.03–0.06) 0.42
Metamizole (mg kg-1) 135 (50–170) n = 39 70 (50–95) 0.046
Ketoprofen (mg kg-1) 2.7 (2–4.3) n = 6 3.3 (1.6–5.1) n =3 0.98
Opioids - morphine strength (µg kg-1) 0.42 (0.35–0.5) 0.36 (0.31–0.42) 0.049
Fentanyl (µg kg-1) 2.5 (2.01–2.9) 2.05 (1.6–2.8) 0.13
Time of anaesthesia (min) 70 (65–90) 75 (62.5–95) 0.79
Time of operation (min) 45 (40–60) 42.5 (30–60) 0.40
Time difference between duration of operation  
and anaesthesia (min)
25 (20–30) 32.5 (25–35) 0.039
Ondasetron (%) 34.1 25 0.079
Starting the diet (hours) 29 (17.3–35.3) 15.5 (14–25.5) 0.027
Hospitalization time (days) 4 (3–5) 3 (2.5–4.5) 0.048
table 2. Characteristics of patients under 8 years old, surgical and anaesthesiological factors
without tAP block (n = 18) with tAP block (n = 12) P-value 
Body mass (kg) 21 (18–27) 20.5 (18–28.5) 0. 13
Girls (n) 7 (38.9%) 5 (41.7%) 0.52
Paracetamol (g kg-1) 0.06 (0.05–0.08) 0.05 (0.03–0.09) n =11 0.68
Metamizol (mg kg-1) 160 (115–250) 120 (97.5–160) 0.021
Opioids — morphine strength (µg kg-1) 0.4 (0.32–0.55) 0.38 (0.26–0.45) 0.082
Fentanyl (µg kg-1) 2.3 (2–3.1) 2.1 (1.54–2.5) 0.84
Time of anaesthesia (min) 65 (65–85) 72.5 (57.5–75) 0.37
Time of operation (min) 40 (40–50) 37.5 (25–47.5) 0.28
Time difference between duration of operation  
and anaesthesia (min)
25 (25–30) 35 (25–37.5) 0.91
Ondasetron (%) 50 16.7 0.014
Starting the diet (hours) 31 (21–39) 18 (12.5–33) 0.037
Hospitalization time (days) 5 (4–7) 3.5 (3–5) 0.046
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discussion
Postoperative pain in children undergoing open 
appendectomy results mainly from the  incision of the 
anterio-lateral part of the abdomen wall, consisting of 
skin, external and internal oblique muscles, the transver-
sus abdominis muscle and the parietal peritoneum [5]. 
Six  thoracic nerves, along with the first pair of lumbar 
nerves (anterior branches of eight spinal nerves T6 — L1), 
supply sensation to this area. They are located between 
the internal oblique muscle and transversus abdominis 
muscle in the so-called Transversus Abdominis Plane [6]. 
The technique of performing the TAP block is to inject 
local anaesthetic into the transversus abdominis plane, 
which provides analgesia to the abdomen wall and partial 
peritoneum below umbilicus line [7]. The ultrasound-gu-
ided TAP block technique in children was described for 
the first time by Suresh in 2009 [8]. There have been re-
ports that larger volume of the local anaesthetic (1–2 mL 
kg-1) may spread to the paravertebral space and extend 
a range of analgesia, providing partial exclusion of the 
painful stimuli from the viscera [9]. Previous research 
results mainly show that the TAP block decreases pain 
perception, reduces the requirement for  analgesics in 
the postoperative period and increases time span from 
the end of the anaesthesia to the first dose of analgesics 
in children after abdominal surgery [3, 10, 11]. However, 
there are also individual reports which do not confirm 
this data [12, 13]. 
While analyzing the intraoperative fentanyl require-
ment, we need to consider that the TAP block in the inve-
stigated group of patients was performed before or after 
surgery. Furthermore, revision of abdominal cavity after 
removal of the vermiform appendix causes painful stimuli 
from the area not embraced with the TAP block. There were 
no statistically significant differences in intraoperative fen-
tanyl requirement in both groups. 
In the TAP block group of patients, a lower opioid requ-
irement during hospitalization was observed, especially in 
older children. The total amounts calculated for intraopera-
tive fentanyl, intraoperative morphine, morphine and nalbu-
phine in the postoperative period are presented in Figure 1. 
In a surgical ward, patients are not under continuous and 
direct nurse supervision. Because of dreaded opioid side 
effects, they are not commonly given, especially in younger 
patients. In case of pain, the most frequently given drug was 
metamizole. Therefore, we suspect that its use may illustrate 
a requirement for analgesics. In the TAP block group, its use 
was significantly lower (Fig. 1).
The reduced need for anti-emetic drugs and the shorter 
fasting period in the TAP block group of patients shows 
faster recovery of the digestive tract (Fig. 1, 2). This may be 
explained by the high quality of analgesia and the lower 
use of opioids. However, in previous reports concerning 
children, such a correlation was not observed — a  lower 
requirement for opioids in the TAP block group did not 
correspond with a  decreased incidence of postoperative 
Figure 1. Requirement for analgesics and anti-emetic drugs in patients with TAP block and without TAP block
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nausea and vomiting. There is no data supporting correla-
tion of a performed TAP block with shortening of the fasting 
period in patients after open appendectomy [3, 7, 14, 15].
Based on the literature, the TAP block appears to be 
safe, with minimal number of minor complications (up to 
0.3%) requiring no intervention [4, 16]. Data collected in our 
study confirms this. 
According to our data, the time needed for performing 
the TAP block prolongs time of anaesthesia but not the 
length of the whole procedure, which is mainly influenced 
by surgical factors. The duration of anaesthesia was calcu-
lated from entry to the operating room to the moment of 
leaving, while the operating time was calculated from the 
time of skin incision to that of the wound dressing. It was 
also observed that children from the TAP block group leave 
hospital faster (Fig. 2). Previous reports have not noted such 
a correlation in paediatric patients [3, 15]. 
Unfortunately, there are limitations of this study. Not 
only is it retrospective, but there is neither a standard ge-
neral anaesthesia protocol nor a standard moment of per-
forming the TAP block, along with the fact that the group 
of patients enrolled in the study is small. No data such as 
pain perception, intensification of nausea or the patien-
t`s  comfort level are known. A  prospective, randomized 
study on a larger group of patients is needed in order to de-
fine the most effective, and simultaneously the safest dose 
and volume of a local anaesthetic used for the TAP block. 
Finally, this also necessary in order to assess its influence 
on intra- and postoperative analgesia, recovery of digestive 
tract function and time of hospitalization of children after 
open appendectomy. 
conclusions
Based on data collected in University Children`s  Ho-
spital in Cracow, it was found that  the application of the 
ultrasound-guided TAP block as a supplementary method 
of general anaesthesia for open appendectomy lowers the 
requirement for opioids and non-opioid analgesics in the 
perioperative period, speeds recovery of the digestive tract 
and shortens hospitalization. Performing the TAP block is 
safe and does not prolong the time spent in the operating 
theatre. 
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